Previous experiments have found that individuals with Alzheimer's disease (AD) show increased activity in prefrontal regions compared with healthy age-matched controls during cognitive tasks. This has been interpreted as compensatory reallocation of cognitive resources, but direct evidence for a facilitating effect on performance has been lacking. To address this we measured neural activity during semantic and episodic memory tasks in mildly demented AD patients and healthy elderly controls. Controls recruited a left hemisphere network of regions, including prefrontal and temporal cortices in both the semantic and episodic tasks. Patients engaged a unique network involving bilateral dorsolateral prefrontal and posterior cortices. Critically, activity in this network of regions was correlated with better performance on both the semantic and episodic tasks in the patients. This provides the most direct evidence to date that AD patients can use additional neural resources in prefrontal cortex, presumably those mediating executive functions, to compensate for losses attributable to the degenerative process of the disease.
Introduction
Early in the course of Alzheimer's disease (AD), deficits are found in both semantic and episodic memory (Weingartner et al., 1993; Perry and Hodges, 2000) . There is evidence that some aspects of the structure of semantic memory may be relatively intact (Ober and Shenaut, 1999) , but access to specific information about object attributes is lost (Hodges et al., 1992; Binetti et al., 1995; Giffard et al., 2001 ). Episodic memory is affected most dramatically for recently acquired information (Welsh et al., 1991) , but retrieval of remote memories also may be impaired (Greene and Hodges, 1996) . Functional neuroimaging studies have shown that activity in specific brain areas known to participate in semantic and episodic memory in healthy individuals (Cabeza and Nyberg, 2000) is related to memory ability in AD patients. For example, semantic processing in AD patients is correlated with activity in left hemisphere lateral temporal, parietal, and prefrontal regions (Grossman et al., 1997; Desgranges et al., 1998) and also with activity in left anterior prefrontal cortex (Saykin et al., 1999) . Episodic memory in AD patients is correlated with increased activity in temporoparietal regions (Grady et al., 1988; Desgranges et al., 1998; Stern et al., 2000) and in medial temporal regions (Desgranges et al., 1998; Eustache et al., 2001) . In some cases these posterior regions are correlated with memory performance only in the patients and not in healthy controls (Stern et al., 2000) . These correlations also are dependent in part on dementia severity, because correlations between verbal episodic memory and activity in medial temporal regions have been found in mildly demented patients, and between memory scores and left temporal cortex activity in more severely impaired patients (Desgranges et al., 2002) .
One of the more interesting findings from neuroimaging studies of early AD is that of increased prefrontal activity during some cognitive tasks compared with older controls (Becker et al., 1996; Woodard et al., 1998; Backman et al., 1999; Saykin et al., 1999) . Increased functional connectivity of prefrontal regions, as defined by the correlations among measures of activity in these areas (Friston et al., 1993; Horwitz, 1994; McIntosh, 1999) , also has been reported in AD patients compared with controls (Horwitz et al., 1995) . Although these increases in prefrontal activity and functional connectivity have been interpreted as compensatory reallocation or recruitment of cognitive resources, a direct link between altered prefrontal activity and ability to perform these tasks has been lacking. It would be particularly important to be able to relate prefrontal function to preserved memory ability in AD patients, because these areas are typically affected later in the course of the disease (Grady et al., 1988; Jagust et al., 1988) , and they mediate organizational and executive functions (Stuss and Benson, 1984; D'Esposito et al., 1995; Fuster, 2000) that might operate across multiple types of task. The purpose of the current experiment was to examine the neural correlates of semantic and episodic memory in patients with AD, including the assessment of functional connectivity to identify "cognitive networks," and to relate activity in these networks to performance. Specifically, we looked for evidence that those patients who were able to recruit prefrontal cortex to a greater degree during these tasks would perform more accurately, which would directly support the idea that activity in these regions is compensatory.
Materials and Methods
Twelve older healthy adults (8 men, 4 women; 10 right-handed, 2 lefthanded) and 12 mildly demented patients with probable AD (10 men, 2 women; all but 1 right-handed) participated in the experiment. All of the healthy controls were screened to rule out any diseases or medications that might affect brain function. All participants underwent structural magnetic resonance imaging scans to rule out strokes or other abnormalities aside from generalized atrophy. All patients were taking medication for their cognitive impairments (seven on Aricept, two on Exelon, one on Galantamine, and one on Propentofylline). Four of the male patients had a history of cardiovascular problems, but otherwise there were no patients with diseases that would compromise brain function aside from the dementia. The two groups showed no significant differences in age or years of education (see Table 1 ). Subjects needing correctional lenses to view the stimuli wore their own glasses during the experiment. This experiment was approved by the ethics committees of Baycrest Centre for Geriatric Care and Sunnybrook and Women's College Health Science Centre and conducted with the written consent of each participant. One male AD patient was an outlier on the task analysis of brain activity described below and was removed from all analyses, resulting in 9 males and 2 females in this group. Scores for the AD patients on the neuropsychological tests (see Table 1 ) were compared with a separate control group that was not a part of the imaging study (n ϭ 50; age ϭ 70.5 Ϯ 6.6 years; education ϭ 14.8 Ϯ 2.9 years).
Stimuli and tasks. Stimuli for this experiment consisted of black line drawings of common objects and words representing the names of objects (Snodgrass and Vanderwart, 1980) presented on a white background. Each task consisted of 15 trials, and practice trials preceded each task. During each trial in the semantic tasks, a word or object appeared on either the right or left side of the computer screen, and a visual noise pattern appeared on the other side. Participants were instructed to make a living/nonliving decision about each object or word and press the left mouse button if the object/word represented something living and the right button if it were nonliving. The baseline tasks involved presentation of novel objects or words, and participants were instructed to press the button corresponding to the side of the screen on which the word/object appeared. During the recognition tasks, objects or words were presented in both positions on the screen (one new stimulus and one that was seen previously during the semantic tasks), and participants pressed the button corresponding to the side of the screen on which the "old" item was presented. During all conditions, each trial lasted 4 sec with a 1 sec intertrial interval (blank screen). Half of the participants received the object tasks before the word tasks, and half received the word tasks first. All tasks were presented via a PC running SuperLab on a computer monitor suspended above the scanner bed (Cedrus, Phoenix, AZ).
Scanning procedure. Six positron emission tomography (PET) scans, with injections of 40 mCi of H 2
15
O each and separated by 11 min, were performed on all participants. Scans 1 and 6 consisted of presentations of the control tasks, scans 2 and 3 were semantic tasks, and scans 4 and 5 were recognition tasks. Scans were performed on a General Electric Medical Systems PC2048 -15B tomograph, which has a reconstructed resolution of 6.5 mm in both transverse and axial planes. This tomograph allows 15 planes, separated by 6.5 mm (center to center), to be acquired simultaneously. Emission data were corrected for attenuation by means of a transmission scan obtained at the same levels as the emission scans. Head movement during the scans was minimized with a thermoplastic mask that was molded to each person's head and attached to the scanner bed. Before each scan the instructions for the task to be performed during that scan were read to the participant. Estimates of regional cerebral blood flow (rCBF) were obtained from the measured radioactivity counts in each scan (Herscovitch et al., 1983) .
Image analysis. Each participant's PET scans were registered to the first scan to correct for small movements during the scanning session using automated image registration (Woods et al., 1992) . Images were then spatially normalized to the Talairach and Tournoux (1988) atlas coordinate system and smoothed using a 10 mm filter (to increase signal to noise and reduce the effects of individual differences in anatomy) using SPM95 (Frackowiak and Friston, 1994) . Ratios of rCBF to global CBF within each scan for each subject were computed, and the effects of any global rCBF differences between the groups were removed by regressing out the group main effect from each voxel for each subject, leaving only the residual variance that was caused by the tasks.
There were three steps in the image analysis. The first was to test for modulations of brain activity attributable to the task conditions and identify a brain area that could serve as the reference region for further functional connectivity analyses. The choice of region was based on three criteria: (1) location in prefrontal cortex, (2) reliable modulation of activity across tasks in one or both groups, and (3) previous evidence for a role of this region in the cognitive processes under study. The second step was to identify the cognitive networks that were active during semantic and episodic memory tasks by determining the areas of the brain in which activity was correlated with that of the reference region, i.e., its functional connectivity (Friston et al., 1993; Horwitz, 1994; McIntosh, 1999) . The final step was to determine whether activity in these networks was correlated with behavioral performance on the tasks. In this analysis we tested the hypothesis that the network of regions identified in the preceding functional connectivity analysis would be correlated, as a whole, with behavior.
Because all of these analytical steps are based on the assumption that cognition is the result of the integrated activity of dynamic brain networks rather than the action of any single region acting independently, our approach to image data analysis was designed to reveal these networks through multivariate techniques. To this end, all analyses were performed using partial least squares (PLS) (McIntosh et al., 1996) , which is a multivariate analysis that identifies groups of brain regions distributed over the entire brain that together covary with some aspect of the experimental design. This is in contrast to the more typically used univariate analysis that assesses the significance of each region separately. PLS operates on the covariance between brain voxels and the experimental design, or a set of external measures, to identify a new set of variables [so-called latent variables (LVs)]. The results of PLS analysis are expressed in terms of LVs, each of which identifies a pattern of differences in brain activity across the tasks and the brain voxels showing this effect. Each brain voxel has a weight on each LV, known as a salience, that indicates how that voxel is related to the LV. A salience can be positive or negative, depending on whether the voxel shows a positive or negative relation with the pattern identified by the LV. Multiplying the rCBF value in each brain voxel for each subject by the salience for that voxel, and summing across all voxels, gives a latent variable score (called a "brain" score here) for each subject for each task condition on a given LV. The brain scores can be used to examine differences in brain activity across conditions, because greater activity in brain areas with positive (or negative) weights on a latent variable will yield positive (or negative) mean scores for a given condition. In addition, these scores can be correlated with external variables (see below).
The significance of each LV was assessed using a permutation test (Edgington, 1980; McIntosh et al., 1996) , using p Ͻ 0.01 as the statistical threshold. In addition to the permutation test, we determined the reliability of the saliences for the brain voxels characterizing each LV. To do this, all saliences in each analysis were submitted to a bootstrap estimation of the SEs (Efron and Tibshirani, 1986; Sampson et al., 1989) . A reliable contribution for a given voxel was defined as a ratio of salience to SE Ն3, which corresponds to the 99% confidence interval (Sampson et al., 1989) . Because all saliences are calculated in a single analytical step, there is no need to correct for multiple comparisons, as is often done in univariate analyses (McIntosh et al., 1996) . Local maxima for the reliable brain areas on each LV were defined as the voxel with a ratio higher than any other voxel in a 2 cm cube centered on that voxel. Locations of these maxima are reported in terms of brain region, or gyrus, and estimated Brodmann area (BA) as defined in the Talairach and Tournoux atlas (1988) .
For the task analysis, data from both patients and controls were entered (i.e., there was one task analysis that assessed differences across all six tasks in both groups simultaneously). The reference region, or "seed," chosen for the second step of examining functional connectivity was identified from the results of the task PLS analysis. Because our hypothesis was that activity in prefrontal cortex would be critical to task perfor-mance, we chose a region of left ventrolateral prefrontal cortex (VLPFC) that showed highly reliable task-related changes in both patients and controls. However, because an additional region in left dorsal occipital cortex showed the same pattern of task-related activity, both areas were included in the connectivity analysis (see Results for the regions used as the seeds). For the functional connectivity analysis, data from the semantic and recognition tasks in both groups were used (the baseline tasks were not used in this analysis). Connectivity was determined by means of a "seed voxel" analysis (Schreurs et al., 1997; McIntosh, 1999) in which the rCBF values from the seeds are extracted, and the correlations between seed activity and activity in all brain voxels within each condition were calculated. PLS was used to contrast these correlations across conditions and between patients and controls. Thus, with this analysis it can be seen whether the brain regions whose activity is correlated with activity in the seed are the same or different between groups and across task conditions. Permutation and bootstrap analyses were performed on the resulting LVs as described above. In addition, the correlations between the brain scores from each significant LV and the seed rCBF values were calculated to assess the relation between the whole brain pattern and activity in the two reference regions. The reliability of each of these correlations in each condition was assessed by calculating confidence intervals via the bootstrap.
The final analytical step was to use PLS to assess the correlations between activity in the network identified in the connectivity analysis and accuracy of task performance in the patients (Grady et al., 2001a ). The correlations between task accuracy and brain activity in controls could not be examined because the majority of controls performed at or near ceiling on all tasks. This analysis involved assessing simultaneously the brain areas in which activity was correlated with activity in both seed regions and with the behavioral measure, i.e., a combined network connectivity and behavior analysis. To confirm that the resulting patterns of correlations from this combined analysis characterized both the seeds and performance, a separate analysis of performance by itself also was conducted for comparison.
Results
The AD patients were significantly impaired on standard neuropsychological tests of episodic memory, executive function, and semantic processing (Table 1 ). The patients were not impaired as a group on tests of working memory (i.e., digit span) and visuospatial function. Performance on the semantic and recognition tasks performed during scanning is shown in Figure 1 . Patients performed significantly less accurately on these tasks than did the controls (repeated measures ANOVA; F ϭ 78.4; p Ͻ 0.001), as expected. However, the range of scores was quite large in the patients, with some performing poorly and others performing within the normal range on the semantic tasks. Response times were not significantly different between groups (F ϭ 4.0; p ϭ 0.06) (Fig. 1) , although there was a trend for the patients to respond more slowly.
The first two LVs from the task analysis (Fig. 2) show patterns of activity that are common to both patients and controls. The first LV ( p Ͻ 0.001) distinguished recognition of words and objects from the semantic and baseline tasks (Fig. 2 B) . Recognition was characterized by increased activity bilaterally in prefrontal regions (although more extensive in the left hemisphere), visual and parietal cortices, and medial temporal regions (Fig. 2 A ; Table 2 ). Decreased activity during recognition, relative to the other tasks, was found in perisylvian regions and medial prefrontal cortex. The second LV ( p ϭ 0.002) differentiated both the semantic retrieval and recognition tasks from baseline, particularly when words were presented (Fig. 2 D) . During both the semantic and recognition tasks, there was increased activity in left prefrontal, temporal, and dorsal extrastriate regions, compared with the baseline task ( Fig. 2C; Table 2 ), and decreased activity in Figure 1 . Scatter plots of performance on the semantic and recognition tasks. Task accuracy below chance performance (50%) in some patients was caused by failures to respond to some items. Sem, Semantic task; Rec, recognition task; Obj, object. ventral and medial extrastriate visual areas and in some right temporal and parietal regions. The most prominent prefrontal region with changes in activity related to the task conditions was a region of VLPFC that showed a highly reliable contribution to both LVs (Fig. 2 A, C, arrows; Table 2 ). Thus, although the overall patterns of activity were different across LVs, this prefrontal region contributed to episodic recognition as well as retrieval from semantic memory in both patients and controls. Interestingly, an additional region in left dorsal extrastriate cortex [superior occipital gyrus (GOs)] showed the same pattern of activity as left VLPFC (Fig. 2 A, C, arrows; Table 2 ). Therefore, to identify the cognitive networks that are active during semantic and episodic memory, we examined the joint functional connectivity of these two areas. The first LV from this connectivity analysis identified a pattern of correlations that characterized the controls but not the patients ( p Ͻ 0.001) (Fig. 3A) . The correlations between activity in each of the seeds and the brain score, which is a weighted average of activity in all brain voxels, were positive in the control group across all task conditions (Table 3) . None of these correlations was reliable in the patients. In controls, activity in left VLPFC and GOs was correlated primarily with activity in other left hemisphere regions, similar to those that differentiated both semantic and episodic tasks from baseline (compare Figs. 2C, 3A) . That is, a network of positively intercorrelated left hemisphere regions was identified that included VLPFC, dorsal occipital cortex, middle temporal gyrus (x, Ϫ56; y, Ϫ50; z, 0; reliability ratio ϭ 5.4), left lingual gyrus (x, Ϫ6; y, Ϫ64; z, Ϫ8; ratio ϭ 5.2), and the left insula (x, Ϫ32; y, Ϫ6; z, 16; ratio ϭ 4.1). Negative correlations were found in a few regions, including the right middle temporal gyrus and the anterior cingulate.
The second LV from the functional connectivity analysis identified a pattern characterizing the patients but not the controls ( p Ͻ 0.001) (Fig. 3B) . The correlations between VLPFC and GOs Figure 2 . Changes in brain activity related to task for controls and AD patients. The images in A (LV1; p Ͻ 0.001) and C (LV2; p ϭ 0.002) show the active areas on a standard magnetic resonance imaging scan in which the right side of the brain is shown on the right side of the image. The brain slices begin at Ϫ28 mm relative to the anterior commissure-posterior commissure line (top left image) and end at ϩ28 mm (bottom right image) with a 4 mm slice separation. The graphs in B and D show the mean brain scores for controls and AD patients on the LVs. Positive mean brain scores were found in those conditions in which activity was increased in the brain regions shown in red and yellow (i.e., those with positive salience on the LV). Negative mean brain scores were found in those conditions in which activity was increased in the brain regions shown in blue (those with negative salience on the LV). Arrows point to the regions of left VLPFC and extrastriate cortex used in subsequent analyses. Maxima of regions with increased activity during the semantic and recognition tasks (salience/SE Ն 3.0) are shown in Table 2 . Base, Baseline task; Sem, semantic task; Rec, recognition task.
activity and the brain scores in the patients were positive and reliable across all four tasks (Table 3) but not reliable in the controls. Similar to the controls, the patients showed positive correlations among left hemisphere frontal, occipital, and temporal areas. In addition, the patients showed extensive regions of right frontal and temporoparietal areas where activity was correlated with activity in both seeds, areas that were not reliably correlated in controls. This indicates a wider recruitment of prefrontal cortex into this cognitive network in the patients, similar to that previously reported, but does not in itself provide a link between this recruitment and task performance. To determine the existence of such a link, we tested the hypothesis that activity in this network of regions would be associated with better memory performance by including activity from the two seed regions and accuracy in the same correlational analysis. This resulted in a single significant LV ( p Ͻ 0.001) that identified regions where there were positive correlations with all three variables, i.e., with both seeds and performance in the semantic and episodic tasks. Positive correlations with all three variables were seen in bilateral dorsolateral prefrontal cortex, anterior cingulate gyrus, and right temporoparietal cortex (Table 4) . To confirm that each of these regions from the combined analysis was correlated separately with brain activity and performance, the bootstrap ratios for each area were extracted from these separate analyses and are shown in Table 4 .
Discussion
In this experiment we identified regions with increases in activity that were specific to episodic recognition, such as the medial temporal regions, as well as regions that were active during both semantic and recognition tasks, such as left VLPFC and dorsal extrastriate cortex. The changes in brain activity related to task that we observed in our patient and control groups were consistent with those found in earlier experiments. For example, dorsolateral prefrontal, parietal, and medial temporal regions commonly show increased activity during episodic retrieval tasks (for review, see Cabeza and Nyberg, 2000) . Similarly, the left VLPFC and temporal areas that were active in the semantic task used here are consistently activated in other lexical and semantic tasks (Vandenberghe et al., 1996; Duzel et al., 1999; Wiggs et al., 1999; Braun et al., 2001; Wagner et al., 2001) . Although some have found more right prefrontal activity during episodic retrieval and left prefrontal activity during semantic retrieval or encoding of new material (Tulving et al., 1994) , we found more left prefrontal activity in both kinds of tasks. This is likely because of the fact that some encoding of new items was necessary during the recognition task (Buckner et al., 2001) .
There are two novel contributions from this experiment. The first is that the brain networks underlying semantic and episodic memory, as characterized by the functional connectivity of left hemisphere frontal and occipital areas, were altered in mildly demented AD patients compared with healthy older controls. In controls, a network including left VLPFC, dorsal extrastriate cortex, and temporal areas was identified, whereas in patients a more extensive network of regions was recruited, including bilateral prefrontal and temporoparietal cortices. Critically, activity in this network of regions was correlated with the ability of the patients to perform the tasks accurately. That is, those patients who had more activity in bilateral prefrontal areas were better able to perform tasks of semantic and episodic memory. This is thus the first direct demonstration that recruitment of additional prefrontal areas into a cognitive network in AD patients is associated with better performance. However, this facilitating effect is not limited to prefrontal cortex but includes temporal and parietal areas similar to those found previously to be correlated with semantic and episodic memory performance in AD patients (Grossman et al., 1997; Desgranges et al., 1998) and thought to mediate memory storage and retrieval (Nyberg et al., 1995; Wilding and Rugg, 1996; Smith and Jonides, 1998) . This suggests that it is activity in the network as a whole that is compensatory and that this activity may serve to facilitate or maintain interactions among posterior storage regions and prefrontal areas mediating executive and monitoring functions. The finding that the altered connectivity pattern in the patients was the same across task conditions suggests that increased recruitment of prefrontal regions is not task specific but could reflect a more general adaptation to loss of cognitive resources. Support for this idea also can be found by comparing the frontal areas associated with better performance on the semantic and recognition tasks with areas associated with better face working memory performance from a previous study (Grady et al., 2001b) . In that earlier study, the focus was on brain regions with both task-related changes in activity and correlations with performance measures. Right ventral prefrontal cortex showed increased activity in patients and controls during the tasks, and this activity was correlated with better memory performance in both groups. The interest here was to determine whether there might be other prefrontal areas in which activity was correlated with performance, not previously identified, that would overlap with those seen in the current experiment. To determine these common areas, we calculated the overlap of the images obtained from the combined seed/accuracy analysis from the current experiment and a PLS analysis of the correlations between brain activity and task accuracy from the working memory experiment [for a description of this procedure see Grady et al. (2001a) ]. Common areas in both right and left middle frontal gyri were positively correlated with task performance in both experiments, as was activity in left VLPFC (Table 5 ). This provides converging evidence from both verbal and nonverbal memory tasks that patients in the early stages of AD who are able to recruit these prefrontal regions are able to perform at a higher level. The compensatory effect of activity in these regions may thus reflect utilization of general cognitive resources rather than resources specific to a particular task. Evidence that recruitment of prefrontal Table 4 . Coordinates are from the overlap of the bootstrap ratios from the current experiment and from a previously published face working memory experiment (Grady et al., 2001b) , calculated by multiplying the two images. regions is related to task effort or complexity across different kinds of tasks, such as semantic (Maril et al., 2001) , working memory (Braver et al., 1997) , or perceptual tasks , is consistent with this interpretation. The second important finding from this experiment is that task-related changes in brain activity were remarkably similar in patients and controls despite the difference between groups in ability to perform the tasks. The patterns of brain activity that characterized these semantic and episodic memory tasks appear not to be strongly related to successful performance of these tasks. Our results would suggest that these patterns of activity reflect the various processes involved in performing the tasks and the brain networks that mediate these processes but give little indication of how successfully these processes are able to support the ultimate behavioral outcome. This has implications for functional neuroimaging experiments in general, and those that compare groups of subjects in particular, and indicates that caution in interpreting data from such experiments is warranted. That is, similar brain activity during a particular task does not guarantee that participants are performing the task in the same way any more than equivalent performance between groups on the task guarantees that brain activity will be the same (Della-Maggiore et al., 2000) . The lack of group differences in task effects also highlights the advantages of probing more deeply into imaging data, with multivariate approaches such as PLS, to reveal patterns of functional connectivity. There is now considerable evidence to suggest that these types of analyses can be informative about how similar behavioral profiles can be mediated by different underlying brain networks (Della-Maggiore et al., 2000; Stern et al., 2000; Grady et al., 2003) or how different networks can help explain multiple patterns of behavior on a given task . This type of approach can be used either in an exploratory manner or to examine specific hypotheses about functional organization, such as was done here to examine recruitment of prefrontal regions in AD patients.
It is also worth noting that the similarity in task-related activity in patients and controls was found despite the fact that the patients likely had a greater degree of cerebral atrophy than did the healthy controls. Thus, although atrophy can reduce measures of brain activity obtained with neuroimaging (Meltzer et al., 1990) , it cannot have played a major role in our results, either in terms of task effects, which were not reduced in the patients, or in the correlational patterns that we observed, which were more extensive in the patients. Another potential confound is the effect of medications on the brain activity seen in the patients, which could have influenced their altered functional connectivity. Cholinesterase inhibitors may prevent or delay reductions in cortical metabolism as the disease progresses, including those seen in prefrontal regions (Staff et al., 2000; Nakano et al., 2001; Nobili et al., 2002) , but the effect of these medications on brain activation or connectivity during cognitive tasks is unknown. However, it is unlikely that our results were attributable to the effects of cognitive enhancers in our patient sample because increased functional connectivity of prefrontal regions has been reported in unmedicated AD patients (Horwitz et al., 1995) .
In conclusion, we have shown that patients with AD can engage additional prefrontal areas during memory task performance and that the degree of this recruitment is related to patients' ability to perform the task successfully. A similar recruitment of frontal regions has been reported during memory tasks in healthy older adults compared with younger adults (Cabeza et al., 1997; Madden et al., 1999; Reuter-Lorenz et al., 2000; Grady et al., 2002) , suggesting that this might be a general response to functional loss resulting from various causes. Because all of our patients were mildly demented, recruitment of additional cortical regions is likely a response to the degenerative disease process that occurs early in its course, perhaps even before the onset of symptoms. The development of compensatory responses in relation to the evolution of early cognitive changes in AD should be a focus of future research in this area.
